INTRODUCTION {#cesec10}
============

Bone tunnel enlargement after surgery to reconstruct the anterior cruciate ligament has been a well documented phenomenon in the literature since the beginning of the 1990s. It comprises widening of the tibial and femoral tunnels on radiographs and other imaging examinations produced sequentially after the operation[@bib1]. Its incidence is extremely variable, ranging from 0% to 74.26%[@bib2], and it is closely related to factors like the grafting, fixation and measurement methods used. For knees operated using hamstring tendons, the enlargement rates range from 11% to 73.9%, compared with 2.1% to 47%[@bib3] for knees operated using the patellar tendon. Taking into consideration the distance from the fixation to the joint surface, the rates range from 0% to 23% for grafts subjected to anatomical fixation[@bib4] and from 47% to 73.9% for those fixed at a distance from the joint surface[@bib3].

Although many studies have reported occurrences of enlargement, none have proven that it is clinically significant or that it is related to surgical failure rates[@bib1], [@bib4], [@bib5], [@bib6]. Its mechanism is also not fully understood.

Among the possible causes are mechanical factors such as mobility of the graft in the tunnel, localized stress at the tunnel entrance, incorrect tunnel positioning and aggressive rehabilitation[@bib1], [@bib2], [@bib7]. The possible biological factors include nonspecific inflammatory responses mediated by cytokines, cell necrosis due to toxic products (ethylene oxide or metal), immune responses to foreign bodies (autologous grafts) and cell necrosis as a response to bone drilling using a bit[@bib3].

Statistically, there is greater incidence in tibial tunnels[@bib8]. Although neither short-term nor long-term studies have correlated occurrences of enlargement with surgical failure[@bib9], there is such concern in cases in which surgical revision might be necessary.

It seems that there is no consensus regarding the method for measuring enlargement on radiographs. While some authors have suggested that the tunnels should be measured at several points along their path[@bib7], others have advocated that to diagnose and characterize bone tunnel enlargement, the distance between the two sclerotic margins should be measured in the region of their greatest dimension, at a standardized distance between the knee and the film holder, so as to avoid radiographic magnification[@bib10].

The objectives of the present study were to assess the presence of tibial bone tunnel enlargement after surgery to reconstruct the anterior cruciate ligament and to describe an easily reproducible technique.

SAMPLE AND METHODS {#cesec20}
==================

Study sample {#cesec30}
------------

In a prospective study, we followed up 30 athletes who underwent anterior cruciate ligament reconstruction surgery by means of the video-arthroscopic technique using a quadruple graft from the gracilis and semitendinosus tendons, which were fixed by means of TransFix^®^ transverse metal screws in the femur and interference screws in the tibia. In the final group, there were 23 male patients (92%) and two female patients (8%). The patients\' mean age was 28.5 years, ranging from 18 to 43 years. The right side was operated in 16 patients (64%) and the left side in nine patients (36%), and the mean time that elapsed from the injury occurrence to the operation was 9.2 months, ranging from three to 25 months. The study was conducted between June 2006 and August 2008.

The patient inclusion criteria for the study were as follows: a) Completely torn anterior cruciate ligament, diagnosed clinically and by means of magnetic resonance imaging (MRI);b) Complaints of instability;Other knee ligaments unaffected;Joint cartilage unaffected;Absence of injury to the posterior cornu of the menisci;Absence of neurological and vascular lesions or previous fractures in the lower limbs;Absence of unilateral load axis abnormalities;No previous lesions to the locomotor system that were manifested as functional limitation, joint range of motion limitation or muscle functional abnormalities;No previous surgery on the knee that was now to be operated.

Postoperative follow-up {#cesec40}
-----------------------

For data gathering, we standardized the following observation times: a. T0 -- before the operation.b. T1 -- 0 to 30 days after the operation.c. T2 -- 3 months after the operation.d. T3 -- 6 months after the operation.

Radiographs were produced on the operated knees of each patient before the operation, in anteroposterior (AP) and lateral (L) views ([Figure 1](#fig1){ref-type="fig"} and [2](#fig2){ref-type="fig"}). The first postoperative radiographs were produced immediately after the operation (T1), soon after skin closure and application of the dressing. The others were produced three months (T2) and six months (T3) after the operation. The tunnel diameter was measured in the tibia 2.0 cm below the joint line in the medial tibial condyle, from the sclerotic margins of the visible path of the drill bit. By tracing out a line perpendicular to the tunnel, the variable "a" was generated. The values obtained were divided by the diameter of the bone, thus generating the constant "b", also measured 2.0 cm below the medial joint line. It was decided to generate relative results given by the ratio a/b in order to avoid results biased by possible magnification of the radiograph.

The nonparametric Wilcoxon test was used to compare the variables found, as the ratio a/b on the radiographs (API, AP2, AP3, L1, L2 and L3) in relation to the times (T0, T1, T2 and T3).

In all the tests, the significance level of 5% was used, such that tests with p \< 0.05 were taken to be statistically significant. The results considered to be statistically significant were indicated by an asterisk (\*), and the non-significant results were labeled "ns".

RESULTS {#cesec50}
=======

Out of the 30 patients selected for the study, three were excluded because they did not attend the predetermined return visits, and another two were excluded because their imaging examinations were of poor quality, such that the tunnel diameters could not be measured.

By using the measurement method proposed here, and considering bone tunnel enlargement to be represented by increased bone tunnel diameter at successive measurements, i.e. T3 \> T2 \> T1, there were increases in bone tunnel diameter between all measurement times, except between T2 and T3 for radiographs in AP view ([Table 1](#tbl1){ref-type="table"}).

Although enlargement was present in 48% of the radiographs in AP and lateral views ([Figure 1](#fig1){ref-type="fig"}), we note on cross-correlating the data that enlargement became present in only 16% of the cases, i.e. in only nine patients. It was present in both radiographic views and was statistically significant for the time periods studied.

On expressing the phenomenon as percentages, we noted that there were increases of 20.56% on radiographs in AP view and 26.48% in lateral view from T1 to T3. In both views, we noted that the greatest intensity was over the first 12 weeks of the study period, and then it occurred less intensely until the sixth month ([Figure 2](#fig2){ref-type="fig"}).

DISCUSSION {#cesec60}
==========

Bone tunnel enlargement following surgery to reconstruct the anterior cruciate ligament is a phenomenon that has been reported over recent years, independent of the technique used[@bib1], [@bib6], [@bib9].

Its incidence has been described in different populations as ranging from 12.19% to 100%[@bib1], [@bib11], [@bib12].

We attribute this to the lack of consensus on how to measure it, the different methods used to obtain grafting material and fix it, the varying sizes of the samples studied and the individual criteria for defining bone tunnel enlargement.

In our study, we found the phenomenon in 48% of the radiographs in AP view and 48% of the radiographs in lateral view ([Figure 1](#fig1){ref-type="fig"}).

However, in cross-correlating the data, we noted that only 33.3% of the cases that presented enlargement in one radiographic view also showed it in the other view. In other words, only 16% of the patients presented enlargement that was present in both radiographic views studied. We attribute this to the diversity of format of the tunnels that underwent enlargement, which were classified as conical, concave or linear when analyzed three-dimensionally[@bib1], [@bib13].

In the literature, there is no consensus regarding the method to be used for measuring the enlargement. Some authors have stated that it should be measured at the sclerotic margins of the largest dimension of the bone tunnel, perpendicular to its long axis, on postoperative radiographs of the knee[@bib7], [@bib11]. Others have favored always measuring a certain point below the joint interline[@bib11] or at different points along the tunnels because this better describes the morphology of the enlargement (conical, concave or linear)[@bib13]. We also note that there is no consensus regarding how to express the results. While some authors do this in absolute numbers[@bib14], others express the enlargement as percentages[@bib3], [@bib7], [@bib12].

In a comparative study in which different observers analyzed the same radiographs to determine the bone tunnel enlargement, each using the parameter that they thought was best, Webster et al[@bib14] found that the results varied from 16% to 24%.

We chose to use the method of Fahey and Indelicato[@bib5] and standardized on a point 2 cm below the medial joint interline, the location where the phenomenon seems to occur with greatest intensity[@bib1], [@bib12]. All the images were analyzed by the same examiner.

To deal with the radiographic magnification effect, in which the image obtained on the film becomes bigger than the object that is being studied, some authors have recommended that a correction factor should be calculated, and have estimated that for conventional radiographs, the value calculated should be up to 10%[@bib7], [@bib10].

In our study, we created a method in which we obtained relative values between the tunnel diameter, which we called variable "a", and its long axis, which we called constant "b" ([Figures 3](#fig3){ref-type="fig"} and [4](#fig4){ref-type="fig"}), both measured 2cm below the joint interline. We believe that this method not only prevents bone tunnel measurement errors caused by magnification on the radiographs, but also avoids errors caused by attempting to establish the point of greatest tunnel diameter, since we believe that the latter could lead to making measurements at different sites in the same knee, which would obviously lead to erroneous results.

Authors who have compared measurements on bone tunnel enlargement made using radiographs and computed tomography scans have unanimously affirmed that radiographs may underestimate the true diameter of tunnel enlargement, especially during the first three months, because of the technical difficulty in determining the sclerotic margins of the tunnels, especially in femoral tunnels[@bib11], [@bib13], [@bib14].

In our study, we made the evaluations using radiography because this is the most popular, least expensive and most widely used imaging examination, and it is certainly the most accessible examination for carrying out similar studies. We believe that this continues to be an excellent method for evaluating enlargement because, unlike in the findings of some of these authors[@bib11], [@bib13], [@bib14], we noted the presence of the phenomenon within the first three months. It was statistically significant and occurred more rapidly than over the period from the third to the sixth month ([Table 1](#tbl1){ref-type="table"} and [Figure 1](#fig1){ref-type="fig"}).

In relation to the time at which tunnel enlargement appears, there seems to be a consensus that it may occur within the first year after the surgery, especially between the third and ninth weeks, and that, two to three years after the operation, either it is no longer occurring or it is occurring only very slightly[@bib4], [@bib9]. We made a six-month follow-up, which according to the literature is the ideal length of time for ascertaining whether the phenomenon is occurring. We noted that the enlargement was significant and more intense over the first three months, and that it was less intense from three to six months after the operation. The findings were statistically significant for lateral-view radiographs on the tibia but not significant for AP radiographs on the [Table 1](#tbl1){ref-type="table"} and [Figure 2](#fig2){ref-type="fig"}).

CONCLUSION {#cesec70}
==========

Bone tunnel enlargement is a phenomenon found in the first months after surgery to reconstruct the anterior cruciate ligament. The measurement technique proposed in this study was sufficient to detect it.
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![Incidence of tibial bone tunnel enlargement on radiographs (XR) in anteroposterior (AP) and lateral (L) views.](gr1){#fig1}

![Progression of bone tunnel enlargement, according to the a/b relative values. XR AP = radiograph in anteroposterior view; XR L = radiograph in lateral view.\
Wilcoxon test for AP view: Between T1 and T2: p \< 0.001\* -- Between T2 and T3: p = 0.193 ns -- Between T1 and T3: p \< 0.001\*\
Wilcoxon test for lateral view: -- Between T1 and T2: p = 0.06\* -- Between T2 and T3: p = 0.035\* -- Between T1 and T3: p = 0.004\*](gr2){#fig2}

![Radiograph in anteroposterior (AP) view. The blue line follows along the margins of the tunnel, 2 cm below the medial joint line, and the tunnel diameter is given as the perpendicular to this blue line, represented by the red line "a". At the same point, the bone diameter is calculated, represented by the orange line "b". The variable "a" is then divided by the constant "b".](gr3){#fig3}

![Radiograph in lateral (L) view. The blue line follows along the margins of the tunnel, 2 cm below the medial joint line, and the tunnel diameter is given as the perpendicular to this blue line, represented by the red line "a". At the same point, the bone diameter is calculated, represented by the orange line "b". The variable "a" is then divided by the constant "b".](gr4){#fig4}

###### 

Medidas resumo dos valores relativos entre o diâmetro do túnel ósseo e da largura da tíbia para as radiografias de incidência anteroposterior e perfil da tíbia em relação aos tempos T1 (pós-operatório imediato), T2 (3° mês pós-operatório) e T3 (6° mês pós-operatório), em que RX AP significa radiografias de incidência anteroposterior e RXP, radiografias de incidência perfil.

       Mean     Median   SD       Minimum   Maximum                                       
  ---- -------- -------- -------- --------- --------- -------- -------- -------- -------- --------
  T1   0.1368   0.1992   0.1411   0.1833    0.0175    0.0445   0.1105   0.1200   0.1625   0.3600
                                                                                          
  T2   0.1579   0.2263   0.1500   0.2222    0.0203    0.0312   0.1333   0.1791   0.2000   0.2830
                                                                                          
  T3   0.1630   0.2408   0.1625   0.2380    0.0235    0.0325   0.1200   0.1391   0.2000   0.2835
                                                                                          

Wilcoxon test for AP view: Between T1 and T2: p \< 0.001\* -- Between T2 and T3: p = 0.193 ns -- Between T1 and T3: p \< 0.001\*

Wilcoxon test for lateral view: Between T1 and T2: p = 0.06\* -- Between T2 and T3: p = 0.035\* -- Between T1 and T3: p = 0.004\*
